The present investigation was performed in order to clarify the mechanism of ataxic behavior following the administration of 2-(3-dimethylaminopropyl)-1,3,3a,4,9,9a-hexa
membrane of the anesthetized cat elicited by square wave stimulation (20 c/s, 2 cosec, 1-2 voltl of' pre and postganglionic cervical sym pathetic nerve fibres were recorded. The effect on the neuromuscular junction (cc-endplate) was examined by the tibial nerve-gastrocnemius muscle preparation of the cat. Square wave stimulation (0.2 c/s, 2 msec, supramaximuni to (Y-motor fibres) was applied on the peripheral end of the tibial nerve and the contraction of the gastrocnemius muscle was recorded on the kymograph by a mechanical device. For study ing the effects on the spinal reflex activities and on the muscle spindle discharges, all ex periments were performed with the cat fixed on a stereotaxic instrument. Laminectomy was performed by the usual method from L5 to S3. To record the afferent impulses from the anti-gravity extensor muscles in the hind limbs , the ventral and dorsal roots on both sides were cut and the dorsal filaments of L7 or Sl were split into a functional single fibre .
As there arc no spontaneous firings in the de-efferented muscle spindle , the muscles were stretched continuously or periodically to a fixed length in order to obtain the discharges .
The chemical structures of MI-65-S and seven derivatives are shown in 
RESULTS

General pharmacological properties
A. Acute toxicity and general behavior in the mouse Immediately following intravenous administration of 3 mg/kg of MI-65-S in the mouse a decrease of spontaneous motor activities was observed , with the progressing reduction of muscle tonus , the animal became incapable of supporting the body with its extremities. Although voluntary muscle contractions were still observed , there were no organized and harmonious movements . The respiration seemed to be depressed slightly and the body temperature fell . These states usually lasted for over 5 hr (Fig.   IA) . Recovery was very gradual , and it generally took about 12 hr for the animal to return to normal condition . When the animal was lightly touched on the back, or when the animal was about to make voluntary movements , occasionally a transient tail-up response somewhat different from the morphine -induced response was observed .
Furthermore, the flexion reflex was also normally induced by a mechanical stimulation of the skin. From these observations , it may be concluded that this compound has a muscle-relaxant action. However , from the fact that the drug causes voluntary muscle contractions, the flexion reflex and the tail-up response , it can not be considered that this ataxia is caused by the blocking effect on neuromuscular junction . No deaths were seen by subcutaneous administration, even with the dosage of 300 mg/kg.
B. Effects on the blood pressure and respiration
The intravenous minimum effective dose of MI-65-S to cause a slight fall of blood pressure in the anesthetized cat was 0.05 mg/kg. After a dose of 0.1 mg/kg was admi nistered intravenously, an immediately rapid fall, 30 mmHg on an average, was observed (Fig. 2) . The duration time frequently lasted for over 3 hr. Transient tachypnea was observed sometimes.
As the intravenous administration of 0.1 mg/kg of hexamethonium (C6), a known ganglionic blocking agent, causes merely a 10% fall of blood pressure which recovers rapidly within 5-10 min, it is considered that MI-65-S is a relatively potent hypotensive agent.
The minimum effective dose of MI-55-S used to produce ataxic behavior in mammals was 1 mg/kg. This dosage is ten times that employed to obtain a hypotensive action. Consequent!y it must be taken into consideration that when the ataxia is observed, some serious changes might be simultaneously occurred in the circulatory system. However, as shown in Fig. 4 , 3 mg/kg intravenously of MI-65-S caused only an average 40 mmHg fall of blood pressure. Thus, although the dose em ployed to produce the ataxia is much larger than that causing hypotensive effect, there was no proportional relation in the degree of hypotensive action.
C. Effects on the superior cervical ,ganglion of ' the cat All ganglionic blocking agents depress contraction of the nictitating membrane induced by electrical stimulation of the preganglionic fibres, but fail to affect to the postganglionic responses. MI-65-S also blocks the transmission of impulses through the superior cervical ganglion of the cat (Fig. 3) . While contraction of the nictitating membrane was markedly depressed by a large dose (3 mg/kg i.v.) of MI-65-S when stimulation was applied to the preganglionic fibres, no considerable changes were ob served in response to postganglionic stimulation (Fig. 4) . These results suggest that MI-65-S has a true ganglionic blocking action. Cat : The first symptoms following intravenous or subcutaneous administration of MI-65-S in the dose of 3 mg/kg were relaxation of the nictitating membrane and myd riasis. The autonomic responses reached a peak within 5 to 10 min. On the other hand, the first sign of locomotor disturbance, that is walking with tottering steps, usually took about 30 to 60 min to appear. From 90 to 120 min, spontaneous motor activities were much depressed and the cat frequently crawled about on the floor. At the early part of this stage the cat could still support its body by the forelegs, but with the progress of ataxic state the animal could no longer stand up (Fig. 1B) . Reduction of the muscle tone was predominant in the anti-gravity muscles, while muscles of the neck or tail seemed to remain unaffected. Mechanical stimulation applied to the skin of the foot easily induced the flexion reflex, which was sometimes slightly facilitated. There were no considerable changes in the placing and righting reflex. These ataxic states lasted generally for 6 to 8 hr with gradual partial recovery and by 12 hr, a complete recovery was seen. There were little qualitative differences in the response to either subcutaneous or intravenous administration of MI-65-S, but in the intravenous cases the symptoms appeared a little earlier and were slightly more severe.
Dog: The dosage of 5 mg/kg was administered subcutaneously. The first signs to be seen were relaxation of the nictitating membrane and mydriasis, similarly as to the case of the cat. The locomotive disturbances appeared within 1 hr and reached a peak in 2 hr. The sedative or sometimes hypnotic states were intense in the cat, but slight in the dog. The familiarity and fidelity of the dog to a observer was not affected. The appetite was almost normal and the dog made efforts to obtain food placed at a distance by struggling with his extremities. But, as a apparently sedative behavior was observed in another case, there are some differences in the behavioral changes among each individual case.
Monkey: The ataxia caused by subcutaneous injections of 3, to 5 mg/kg of MI-65-S was moderate. In climbing up wire netting of the cage or the perch the animal often missed footing. Thirty minutes after subcutaneous injection of 10 mg/kg the monkey, which had been prowling about the cage, suddenly laid face down on the floor and crawled about. At this time the monkey showed a defensive and aggressive behavior against the observer's apparent menace and escaped with almostly normal locomotion from it. The grasping force to the chain attached to the collar remained almostly unaffected. It seemed that mydriasis was not so remarkable in the monkey as in the cat or dog, and that the autonomic nervous system of the monkey might be relatively resistant to this compound. The ataxia was also long-lasting, and complete recovery was observed in 24 hr.
B. Effects on the cX-endplate From the fact that the animals in ataxia frequently show spontaneous motor acti vity, the flexion reflex and voluntary muscle contraction, and that the grasping force of the monkey remained almostly normal, it seems unreasonable to consider that the cause of ataxia by this compound may be due to a blockade of transmission of impulses through the c:'-endplate. To clarify this question, the in situ tibial nerve-gastrocnemius muscle preparation of the cat was used. As shown in Fig. 5A , no changes were ob served when the dosage of 3 mg/kg, sufficient to produce ataxia, was injected. The blocking effect was not observed till the dose increased up to 10-20 mg/kg (Fig. 5B) . Complete blocking action. was seen with the dosage of 30 mg/kg intravenously, but the recovery was very prompt (Fig. 5C) . The response to direct stimulation by means of an electrode inserted into the muscle was unaltered even when 30 mg/kg of MI-65-S was administered intravenously (Fig. 6) . After intravenous injection of 10 to 30 mg/kg, the respiration was depressed and frequently interrupted, and artificial respiration was required to save the animal. In view of the above facts, a reasonable conclusion is that MI-65-S causes a blocking action at the a-endplate, but its potency is too feeble and its duration is too transient to be accepted for explaining the cause of ataxia. C. Effects on the spinal reflex actit,ity It has been demonstrated by an electrophysiological method that nnyanesin displays its muscle relaxant action by depressing the activities of internuncial neurons in the spinal cord (5) . Therefore, the effect of MI-65-S on the spinal reflex activities was investigated.
The monosynaptic and polysynaptic discharges of the anesthetized or decerebrated cat produced by stimulating the central end of the tibial nerve were recorded from the ventral root of L7 or S1. The intensity of nerve stimulation employed was usually supramaximum to the GIa afferent fibre. Fig. 7A shows that the monosynaptic and polysynaptic responses were not affected by 10 mg/kg of MI-65-S intravenously. Further, the antagonistic relation between MI-65-S and strychnine, which is known to produce a potent facilitatory response on the polysynaptic reflex pathways, was investigated. As shown in Fig. 7C , intense potentiation of the polysynaptic.: .x1iscbarges caused by previously administered strychnine (0.05 mg/kg, i.v.) was not antagonized by MI-65-S. In the experi ment designed in contrarily, there was also no antagonism between both drugs and the increase in amplitude of the polysynaptic discharges also appeared after strychnine administration (Fig. 7B) . These results suggest that MI-65-S fails to act directly on the spinal cord. Therefore, it is assumed that the mechanism of the ataxia produced by this substance differs essentially from that of myanesin. 
D. Effects on the muscle spindle discharges
On the basis of the above data it seemed reasonable to consider from its action on the motor system that MI-55-S dose not belong to any of the known categories of muscle relaxants. Further invest igations4were promoted to study the. 7--motor system, which plays a very much important role in the maintenance of skeletal muscle tone .
A series of impulses of the de-efferented muscle spindle were elicited with a fine regu larity by means of applying a constant stretch continuously on the muscle studied .
As shown in Fig. 8 , reduction of the muscle spindle discharges was initiated by the dosage of 3 mg/kg within 30 min.
In the case where the initial frequency was only , about 10 c/s, the muscle receptor often ceased to fire. Even after the disappearance of muscle spindle response to a constant stretching , at the earlier stage the receptor was still able to respond to additionally applied stretch with its dynamic and static phase .
However, at the later stage of depression the static phase was also affected and finally the muscle spindle became to respond only with its dynamic phase . The depression often progressed to its extreme in which the muscle receptor failed entirely to respond even to maximum stretching.
The results are summarized in Table 2 . Fig. 9 In recent years, some pharmacological studies dealing with the muscle spindle activity have demonstrated that both succinylcholine (Sch) and decamethonium (C,(,) act directly on the muscle spindle and increase the discharge frequency very markedly (6) . Following intravenous administration of Sch in a dose of 0.1 mg/kg, the frequency often reached more than 100 c/s in the stretched muscle, and about 50 c/s in the relaxing muscle.
It took about 1 to 2 min to reach the maximum effect and 10 min to recover.
Fujimori ct al. (7) reported that to constantly obtain the same responses of the cat's muscle spindle to repeat edly injected Sch, an interval of over 20 min had to be allowed between administrations. In the present study, the intervals were determined as 60 min. Usually the muscle spindle dis charges increased considerably in fre quency following the injection of Sch. However, the muscle spindle, when it was pretreated with MI-65-S, failed to respond to Sch (Fig. 10A) . In Fig.  1013 it is also shown that the increase in. frequency elicited by Sch was only 10 c/s, when MI-65-S was preliminarily administered.
Attention must be paid at here to the influence of circulatory changes i which are produced simultaneously by MI-65-S, on the activity of the peripheral sensory receptor.
As described above, the fall of blood pressure caused by MI-65-S is rather potent and long-lasting. However, as shown in Fig. 11 , in an experiment using a spinal cat in order to eliminate the effect of this compound on the autonomic nervous system, depression of the muscle spindle activity was observed while there was no change in the blood pressure.
Thus, it seems most reasonable to conclude that MI-65-S has an ability to act direct ly on the muscle spindle and to depress its activity intensely. E. Effects ffects of several derivatives on the muscle spindle discharges The activities of seven derivatives of MI-65-S on the muscle spindle were tested with the results as shown in Table 3 . As no detectable effects were shown by tertiary amine derivatives of this series (MI-73-S and IK-110-S), it seems that the compound must be a quaternary ammonium salt to act on the muscle receptor. A most interesting find is that shortening the methylene chain caused moderate increase of spindle discharges.
In these cases, the discharge frequency increased gradually and never exceed over 40 c/s (Fig. 12) . This effect was prominent in the derivatives, in which the number of methylene chain was two.
No ataxic behavior was observed after administration of these derivatives, however, the rigidity, expected from the increase of muscle spindle discharges, did not appear in the muscles of the cat. 
DISCUSSION
The muscle spindle is a sensory organ which is very sensitive to stretch and its activity is centrally regulated by the r-motor system via the intrafusal muscle fibres. (6) found that Sch and C,o produced a considerable increase in frequency of muscle spindle discharges, and con cluded that these excitatory actions might be due to the direct actions on the muscle receptor. Lately, it has been shown that the mechanism concerned with the action of Sch on the muscle spindle is probably due to the contraction of intrafusal muscle fibres (12). The fact that MI-65-S showed a depressant effect on muscle spindle discharges and also suppressed its sensitivity to Sch leads to the following two possible explanations:
1) the relaxation of intrafusal muscle fibres, 2) the reduction in sensitivity .of sensory region of muscle spindle. It seems unlikely that the cause of spindle depression by this compound is due to the former mechanism, because the response of endings to stretch is also affected by MI-65-S . A local mechanism is under investigation at present. Papers on a depressive agent that acts directly on the muscle spindle are very scarce, the only one known by the author is a report on a triazine derivative by Bein and Fehr (13).
The time course of decrease of muscle spindle discharge by MI-65-S was similar to that of ataxic behavior. In both cases the initiation of effect is rather slow and duration is very long-lasting . This relation seemed to support from another point of view the proposal regarding the mode of action of this compound on the motor systems.
The changes observed in the circulatory system were also long-lasting . However, the influence of the drop of blood pressure on the muscle receptor can be eliminated by the experiment in the spinal cat, where the decrease in frequency of muscle spindle discharges also occurred in spite of no detectable changes in the blood pressure . Fur thermore, a study in progress with an isolated toad muscle demonstrates that the muscle spindles immersed in Ringer's solution containing MI-65-S also become less sensitive to stretching.
In view of the above data it may be concluded that MI-65-S is a new compound which acts on the muscle spindle directly and depresses its activity .
In studies on spinal reflex activities, MI-65-S caused no considerable changes in the monosynaptic and polysynaptic discharges. As this compound is a quaternary ammo nium salt, its entering into the central nervous system may be obstructed by the blood brain barrier and, therefore, fails to show a primary action on the central nervous system. However, taking into consideration the frequently observed sedative behavior in animals, some changes might occur in the central nervous system , perhaps due secon darily to the decrement of inflow of afferent impulses from the muscle to the central nervous structures.
Some of the derivatives of MI-65-S caused a gradual increase of the impulses from the muscle spindles. A similar type of effect has already been mentioned by Langrehr and Henatsch in bis-choline ether (14) .
